Dennis went up to Cambridge in 1935 and read botany, zoology, physics and chemistry for the Tripos Part I, which he took in 1937 with first class honours. He read zoology for the Tripos Part II, being advised to take two years over it to ensure distinction. This he achieved in 1939 with the award of the Frank Smart Prize. He graduated M.A. in 1941. Two of his contemporaries recall him as an undergraduate. In his first year he formed a lasting friendship with his fellow lodger, Harold Bowmer. In his second and third years he shared rooms in college with Eric Rodmell who was likewise reading zoology and chemistry and who also became a life-long friend. Dennis and his friends tried to live on their scholarship monies and were strictly teetotal. He entered into less serious pursuits with zest: punting on the river, playing soccer, swimming in the Granta, going to concerts and the occasional opera or ballet. With Eric Rodmell he conspired to enliven one of a rather dull series of lectures by charging the butt end of the Professor's pointer with nitrogen iodide. They were banned from the zoology laboratories but a humble apology was accepted by the Professor, J. Stanley Gardiner, F.R.S., and the ban was withdrawn.
DENNIS JOHN CRISP
29 April 1916 -18 January 1990 Elected F.R. S. 1968 By g .e . F o g g , F.R.S., a n d a .j . S o u t h w a r d DENNIS CRISP was a zoologist with predilection for physics and chemistry, which disciplines he brought to bear on the physiology and ecology of marine invertebrates. He became one of Britain's best-known marine biologists and developed a school that has had a worldwide influence. In the pursuit of excellence in science as well as in facing serious illness in later years he showed single-minded determination. He was constantly at odds with bureaucracy and prided himself on being a scourge to narrow-minded administrators. A wide circle of students and colleagues regarded him with great affection that was often tinged with exasperation. nee Dennis) Crisp. His parents lived apart. He was brought up in the househol of his maternal grandparents in Vernham Road, Plumstead. His grandfather, Henry Dennis, had been a baker then became a crane-driver in Woolwich Arsenal. Emily Crisp did see her husband occasionally and Dennis was taken to meet him when he was 16. John Crisp was a builder and plumber by trade but had been badly shell-shocked in the War and was in a hospital near Bexley when Dennis met him. Dennis and his father got on well and played chess together.
In 1920 Dennis went to Plum Lane Elementary School, London S.E.18, from there winning a scholarship and being admitted to Eltham College, Mottingham, in September 1927. He showed ability and progress in all subjects, including sports, and ended his first term with a clean sheet. Thereafter order marks and detentions were frequently recorded in his school reports. By 1930, however, the black marks diminished and the school realized that in him they had a very promising pupil. Expectations were justified when in 1935 he won a State Scholarship and an Open Scholarship to St Catharine's College, Cambridge. In the sixth form he had taken mathematics, chemistry, physics and biology, achieving equally good standards in all, but a leaning towards biology had already established itself. He had been interested in animals when a young b o y and spending holidays with an uncle and aunt in the country in Essex. His biology and chemistry teacher, E.H. Cohen, after discovering him by a pond examining its life with a hand lens, encouraged him with the gift of a microscope.
showed that mixed polymer films required a two-dimensional phase rule to interpret equilibria between two-dimensional monolayers and three-dimensional overfilms. He also studied the energetics of penetration of the hydrocarbon part of amine molecules into well-ionized long chain negative films (14). Rideal's influence was profound both through his scientific direction and his philosophy of academic freedom and scholarship.
Work on films and surface phenomena continued to appear up to 1960 (19, 47, 54, 62, 83,99) , with increasing biological content in the later years. There was particular application of Dennis's knowledge of surface chemistry to oil pollution of the sea, the effects of diluted petroleum residues, efficacy of antifouling compounds and the effect of other toxins on marine life. The results appeared over the years in collaboration with several others (55, 80, 103, 117, 126, 130) .
During World War II Dennis Crisp became consultant to the Pest Infestation Laboratory, Slough. Apparently on the prompting of Rideal he built a bridge back into the Department of Zoology by collaborating with W.H. Thorpe (later F.R.S.) on plastron respiration in aquatic insects (7, 8, 9, 10, 13, 17, 21, 110) . The 'gill' in such insects is a thin film of air and depends for its success on the surface properties of the chitinous hairs that retain it. This led to an understanding of bubble respiration, buoyancy control, grooming and the structure of hairs in a variety of aquatic insects. The mutually advantageous collaboration lasted until 1951 and was greatly enjoyed by Thorpe (Hinde 1987) while Crisp retained a high regard for his senior Cambridge colleague. It may have been through Thorpe, or possibly Professor J. Gray, that Dennis was introduced to Professor J.H. Orton (later F.R.S.) of Liverpool, who was at this time looking for a biologist to recommend to Imperial Chemical Industries (ICI) for researches on fouling biology and anti-fouling measures.
ICI PAINTS DIVISION: THE BRIXHAM LABORATORY
When in 1945 the ICI Paints Division decided to establish their own seaside testing station to study corrosion and fouling, Dennis was appointed full time biologist in charge. A large Victorian mansion, about half a mile from the harbour at Brixham, Devon, was converted to laboratories and living accommodation for some staff, including the Crisp family.
Much of the work involved exposing painted panels to the sea on rafts in the harbour and others to the sun and air nearby, but studies were soon under way on growth, breeding and, especially, settlement of fouling species. It was at Brixham that Dennis was initiated into studies of barnacles, which can be regarded as the epitome of fouling organisms, and for which the celebrated tomes by Charles Darwin (1851 Darwin ( ,1854 were still the accepted treatise. Barnacles were indeed important fouling organisms and it was necessary to find out their distribution and periods of breeding to make a start on counter measures. One of us (A.J.S.) first became acquainted with Dennis, during a meeting of the Challenger Society at Plymouth in 1950, and what follows is a personal assessment:
We had both become interested in following the distribution of intertidal barnacles in Britain and had made independent field surveys, encouraged by Orton. We were dissatisfied with some of the arguments used by our then superiors to explain peculiarities of biogeography. There was also a need to follow already perceived changes in distribution patterns and to monitor the spread of the immigrant Australasian barnacle (Elm ittiusm odestus) that had established itself in Britain during the War. O this occasion in 1950 we had a look at the shore below the Plymouth Laboratory, and then drove to Brixham via the winding South Hams turnpike and the Dartmouth ferry in the elderly and incredibly underpowered Ford 8 h.p. car that Dennis ran for several years during the period of post-war austerity. It was evident to me that the organization at Brixham was doing well and much research being prosecuted alongside the more mundane testing, as noted elsewhere in this account. From the initial hospitality offered by Dennis at Brixham grew a long-lasting collaboration and family friendship.
All his acquaintances agree that Dennis was an indefatigable explorer of seashore life, and this was perhaps no better put than by two U.S. colleagues 'every trip to a tide pool was like his first and he was genuinely excited at his finds. That excitement stayed with him throughout his career and he was on a constant quest to know and understand more' (Scheltema & Shumway 1990) . At this point it is worth noting the influence of J.H. Orton (Russell 1954) on the marine biological career of Dennis Crisp. Orton had been trained at the old Royal College of Science, now Imperial College, and had then served on the staff of the Marine Biological Association for 20 years during the benevolent and stimulating Directorship of E.J. Allen (Bidder 1943) . The system then at Plymouth was to allow clever individuals to exercise the full extent of their imaginations and faculties, limited only by the restricted finances, provided they worked enthusiastically. Orton's researches ranged from protozoans to herrings, and he made many important contributions to general concepts of growth, breeding and environmental effects. Dennis Crisp fell easily into the Plymouth category, having as wide research interests as Orton, who appears to have encouraged him in the same way as he encouraged his own graduate students, including one of us (A.J.S.). Thus, with the added background of biophysical studies on films and surfaces, and the interest in all things biological, the scene was set for the wide-ranging researches initiated by Dennis Crisp at Brixham, later expanded at Menai Bridge.
The first publications by Dennis in this field were biogeographical (upgrading records of distribution of barnacles) (11, 12, 20, 25) but work was already in progress on growth, breeding and behaviour of barnacles and other fouling organisms (18, 22, 23, 24, 27) . The spread of the immigrant Australasian barnacle, modestus, to the southwest of England gave additional stim ulus to these researches, not only because o f its soon-discovered resistance to antifouling measures and its rapid spread (11, 12) but also because of its capacity to settle on untypical surfaces, including glass. Dennis rapidly exploited this capacity in a classical study of barnacle reproduction and egg development as seen through the membranous bases of Elminius grown on glass microscope slides kept on a raft (43).
U n i v e r s i t y C o l l e g e o f N o r t h W a l e s , B a n g o r The nascent marine biology station at Bangor had scarcely got under way when its first Director, F. Gross, died suddenly. Dennis applied for the vacancy as he was already becoming somewhat irked by the bureaucracy of the huge organization for which he was working at Brixham and welcomed the chance of a return to academic freedom. John Colman and Dennis Crisp were short-listed for the job at Bangor and also for the Port Erin directorship. The latter, by coincidence, was vacant at the same time following the retirement of Professor Orton. The Port Erin post was interviewed first, and Colman, the senior, was offered it and accepted, leaving Dennis in a very good position for the Bangor job. Again, this narrative introduces personal recollections of one of us (A.J.S.):
Visiting Bangor in late September 1951 on the way back to Port Erin from researches at Plymouth with J.H. Orton, I found the Marine Biology Station to be an asbestos-cement hut situated behind the old Zoology Department. This embryo marine station was later 'improved', as Professor Knight Jones has put it (Knight Jones 1987), for use as the department animal house, nevertheless, good experimen tal work had already started on barnacles there, including comparisons of cirral activity that were to come to fruit in later years.
Part of Dennis's first year at Bangor was taken up in a search for a permanent laboratory site on the Menai Strait. The richness of the fauna of the Menai Strait had been established in the first days of the Liverpool Marine Biology Committee and a laboratory had been opened in a former signal station on Puffin Island at the northern end of the Strait (Herdman 1888 (Herdman -1892 . Indeed, at one point in 1884 the Council of the Marine Biological Association was considering the Menai Strait (and also Weymouth) among possible sites for their first laboratory (Southward & Roberts 1987) . The University of W ales' involvement goes back to the end of the last century when University College at Bangor took over management of the Puffin Island station after the Liverpool Committee moved their activities to the Isle of Man (White 1895 (White -1897 . The Puffin Island station was too remote to survive for more than a few further years, but during the 1930s the University College of North Wales, Bangor (UCNW), acquired a reputation as a marine biology centre, because, like the established marine laboratories at Plymouth and Millport they could offer field courses to students in a region with rich wildlife. The Professor of Zoology, F.W. Rogers Brambell (later F.R.S), saw the need for a specialized marine laboratory in Wales to satisfy the demand for faci lities, but realized the danger of relying only on nationalist sentiments and local interests. He also felt strongly that any support for a new marine laboratory should not be based primarily on the strategic requirements of the Fisheries Department, as the Development Commission then saw the role of Plymouth and Millport, but should be free to pursue fundamental marine science. Brambell thought that development within a university context would best meet this need, and obtained the approval of the Development Commission for an approach to the University Grants Committee (U.G.C.). The University of Wales therefore proposed to set up a marine station at Bangor, and this proposal was approved in 1948, the U.G.C. guaranteeing funds to support a group of four marine biologists and a director. This group would be responsible, through the existing university marine biology committee formed by Brambell, for providing teaching and research facilities in marine biology to relevant departments of the whole of the University of Wales. It was expressly stated that this development was not to be duplicated on a college basis, and the U.G.C. 'earmarked' the original grant separately from College funds. Later, in 1953, a high-level decision was made to abandon earmarking, and thereafter the Marine Biology Station had to compete with other departments of UCNW for a share of the block grant. This was not a situation expected by Dennis Crisp on appointment, and it led to much time-wasting confrontations. An additional irritation was that the other three Colleges in the University of Wales seized the chance to expand their studies in marine biology, thereby compounding the problem of extracting a comparatively large amount of the budget from the small college that Bangor was then.
In 1950 E.W. Knight Jones had been appointed to the staff of the proposed North Wales marine laboratory, as assistant to Gross, and when Dennis Crisp took over the directorship in 1951 it fell to him to disclose the rather grandiose plans of the University College committee for development on the Bangor side (Knight Jones 1987). As Wynn Knight Jones has said 'the place was inaccessible from the road, so we motored down to the Suspension Bridge, crossed it, and looked back along the Strait. I talked about anchorage problems ... an expensive roadway and a jetty ... but soon sensed that Dennis's attention was elsewhere. He was looking at the Menai Bridge Pier, splendidly situated for seafaring, and he pointed out a large pair of Victorian villas just behind i t ... "we'll go there".' One of the houses was indeed on the market, and eventually it was possible to buy the other. Dennis Crisp later described this procedure as persuading the University to buy time in a deteriorating financial climate, but as Wynn Knight Jones (1987) noted 'he had indeed chosen the best site in Wales for a marine laboratory'. The houses for conversion were spacious, but they had been ill-maintained, and one of us (A.J.S.) remembers the first inspection and how some of the defects had to be concealed so that the sale could go through. By 1953-54 the University of Wales Marine Biology Station was flourishing and receiving its first intake of students and visiting workers.
The Menai Bridge laboratory had a good sea-water system from the start, using gravity flow from storage tanks refilled daily from the Strait. In spite of some faults and problems in earlier years, and the need for dedicated staff, this system, in which water flowed to waste after leaving the tanks, ensured better conditions for holding filter feeding animals and for rearing their larvae than the recirculatory systems at many other marine laboratories. There was also an elderly 40 foot boat, the N a u t i l u s, a pre-war Scottis obtained in 1949 from the Marine Station at Millport. Nautilus was used for dredging and collecting in the Menai Strait and occasionally round Anglesey, but problems arose about replacement of the engine and compliance with safety requirements, then the skipper died and the vessel was disposed of. A smaller boat, lacking a powered winch, and called Lambda, was then acquired, and used mostly for a contract involving water sampling in the Straits. This boat was disposed of in 1967 after delivery of a purpose-designed research vessel.
All of these developments on land and at sea had to be supported from whatever share Dennis could wrest out of the U.G.C. block grant to UCNW. Dennis regarded the College adminstration as unco-operative and obstructive and was not inclined to let them rest if he thought that the needs of his Department were not being met. A past registrar of the College, indeed, regarded many of his communications as libellous. Moreover, Dennis had no hesitation in overspending the Departmental grant. Many were the arguments in the Senate about the costs of the Station, but criticisms such as 'Dr Crisp's ideas lack coherence' were met by his supporters with counter statements including a gem from Professor Brambell: 'Too much coherence gets you stuck in the mud'.
In spite of all the distractions of setting up a new laboratory, Dennis Crisp still had time for observations in the field. On transfer from south Devon to north Wales in 1951 he took with him all the current research interests and added more. The studies on were expanded in collaboration with E.W. Knight Jones, who had worked on this species on the east coast of England, where it was becoming a pest on oyster beds (Knight Jones & Waugh 1949) , and had already detected apparent gregarious settlement by larvae of barnacles and polychaetes (Knight Jones 1951 , 1955 . The joint studies (30, 32) showed that the active principle in promoting settlement of the cyprids was a tanned protein from the integument of the barnacle, but the property could be transferred to inert surfaces by adsorption from solution as shown later (98, 101). Work on distribution and breeding continued (25, 26, 31, 33, 34, 37, 42, 45) , and another classic paper later emerged, showing how rate of spread of Elminius along the coast could be explained by relating the larval life in the plankton to eddy diffusion (61). Field investigations over a wider area in collaboration with one of us (A.J.S.) and others showed that the distribution of marine animals was not static and that there were fluctuations related to climatic factors (39, 40, 51) .
The distribution studies moved across the Channel and even farther (44, 48, 58, 59) , in collaboration with English and French colleagues. Some of these trips were family holidays, with specimen hunting on rocks linked to the children's desire for nearby sandy shores. Special trips were also made with colleagues, and one of us (A.J.S.) has indelible memories of his first long field trip with Dennis in the Ford 8 around the Irish coast in 1952.
In those days of renewed terrorist activity Dennis had stowed his gear in boxes labelled 'ICI Nobel Division, High Explosive' and it is difficult to understand how we managed to cross and recross the border without trouble. The results of the survey, which were amended only slightly by subsequent work, were good enough to publish (31, 39).
NORTH W ALES: M ENAI BRIDGE
The opening of the Menai Bridge laboratories in 1953/4 provided better facilities for experimental work, and widened even further the research interests of Dennis Crisp and his small group of staff and students. The philosophy underlying much of the work on distribution and abundance of barnacles was frankly Darwinian in concept; that species were adapted to their particular environment and that competition between them, moderated by their relative degree of adaptation, determined the overall distribution patterns and local irregularities. Thus, to test such hypotheses, it was required to show how each species was related to simple environmental factors such as temperature and salinity and compare the differences between species. Studies of this nature had begun at Port Erin and Plymouth by one of us (A.J.S.) under advice from Dennis, but such work was now possible in the laboratory at Menai Bridge (49, 53, 60, 70, 76) . At Menai Bridge Dennis began to study the effect of biochemically active compounds on barnacle larvae, again in relation to environmental factors. The egg hatching factor, a powerful activator of embryonic muscle, was discovered in 1956 (46,52), but at the time the available biochemical technology could not identify it fully (65, 134) . By 1958, the year of the meeting of the International Congress of Zoology in London, the work of the Menai Bridge laboratory was in full flow, with contributions by Dennis Crisp in several fields of experimental research. Some particularly elegant studies were made of cirral activity using macro-attachments fitted to a 16 mm Bolex cine camera (76). Barnacles were viewed in a tank devised by Dennis, giving records in three dimensions, and water currents were demonstrated with diluted milk (49, 90). More distributional studies followed (64, 73), including those dealing with the further spread in Britain and Europe of Elminius modestus (67, 68, 74, 77) and of changes in other species related to climate (71, 75) . Experimental studies also expanded, moving on to embrace other animals (84) as well as barnacles (78, 81, 85, 86, 89, 90, 91, 100) . Another of Dennis's many original contributions was the discovery that barnacles could 'move' by differential growth on the substratum, and show a form of territorial behaviour by pushing off competing individuals (79, 87) .
The renaming of the growing cluster of buildings at Menai Bridge in 1962 as the Marine Science Laboratories (94) signified increasing University control of administration and the separation of the campus into departments, making the Director's role redundant. Dennis always argued against the resulting lack of central control for the marine departments, quoting other coastal laboratories to make his case, but to no avail, it being evident that the administration at UCNW believed in the old adage, 'divide and rule'. This principle was nowhere more in evidence than in relations between Dennis and his colleague in the newly created chair of Oceanography, J. Darbyshire, who had little time for biological research when appointed and whose interest declined to zero after encounters with Dennis. In theory the reduction of his administrative functions should have freed Dennis Crisp and provided more time for research, but he was already publishing at a high rate in the early 1960s, averaging six papers a year, so that there was no immediate effect. He was also planning a further stage of expansion on the site. N o r t h W a l e s : t h e U n i t f o r M a r i n e In v e r t e b r a t e B i o l o g y With the encouragement of Sir James Gray, F.R.S., Frederick Russell, F.R.S., and Maurice Yonge, F.R.S., Dennis Crisp applied to the Development Commission, then the main funding body for marine biology, for financial help towards a new building. This was to be especially designed to study marine invertebrate larvae, following up the pioneering efforts of the researches in progress. Provision of a new building was agreed to in 1964 with the condition that a Unit for Marine Invertebrate Biology, to be jointly sponsored by the Commission and the College, should be set up. An advisory committee, including outside expertise and meeting once or twice a year, was formed to review research progress. The formation of the Unit marked the zenith of Dennis Crisp's scientific achievements. However, the idea had been long in gestation and soon after the Development Commission had approved and allowed building operations to begin, administration was transferred to the newly formed Natural Environment Research Council (NERC), which wanted more say in how the research was directed. At first all went well and Dennis was formally appointed Director of the Unit in 1965. A transmission electron microscope was soon obtained and was used to open up new concepts in larval biology. Among other facilities acquired were a suite of constant temperature tanks with flowing seawater for culture of marine invertebrates and later a scanning electron microscope with X-ray analysis attachment.
Studies on the chemical basis of gregarious settlement were continued, with P.S. Meadows, P.A. Gabbott and others, and the publications are now classics of their kind (98, 101, 102, 106, Gabbott & Larman 1987) . Marine larvae were found to have quite complex responses to surface chemistry and texture (84, 113, 150, 159, 161, 210, Walker, Yule & Nott 1987) , and these researches provided a basis for more practical investigations of marine fouling (103, 104, 112) . In 1962 the Menai Bridge laboratories had hosted a successful symposium on grazing in the marine environment (109, 110), then in 1963 Dennis drew on previous experience in working at American laboratories to undertake, in collaboration with one of us (A.J.S.) and others, a major investigation of barnacle cirral activity and breeding in relation to environmental factors, ranging from the Arctic to the Tropics. Only a small selection of the results on cirral activity has yet been published (review in Anderson & Southward 1987 ), but related studies tested ideas by means of laboratory experiments on temperature acclimation and seasonal changes in feeding of barnacles (128, 133, 135, 137) . By this time the comprehensive studies on the breeding of Balanus balanoides (now correctly referred to as Semibalanus balanoides to Dennis's publicly expressed chagrin, ref. 223) were showing how well-adapted this circumboreal species is to life at high latitudes (review in 217). The onset of breeding in the autumn is controlled by day-length (81, 135) which means earlier oviposition in more northern localities, whereas hatching of the larvae from the eggs, which are brooded in the mantle cavity, is induced by feeding so that the larvae are liberated only when sufficient food is available for them. Although the species feeds best under cool conditions, it is able to survive higher temperatures at appropriate seasons (128, 133) . One of the most notable findings was that populations of this species from America and Europe had diverged considerably in adaptations to differing temperature regimes (105). The differences were retained by individuals transplanted across the ocean (131), indicating genotypic changes. Searches began for other differences that might exist between these races and provide some measure of their genetic separation. Later this led to studies of allozymes by gel electrophoresis (157, 163, 168) and increased interest in marine genetics of other animals (167, 178, 189, 205, 224, 229, 230) . The work on B. balanoides allozymes was continued by Dennis Crisp's junior colleague, M.W. Flowerdew (1983) , and Dennis also collaborated with P.R. Dando of Plymouth on Chthamalus speciation (172).
Dennis Crisp was elected to the Royal Society in 1968, but in the following year he became ill with lymphoma (cancer of the lymphatic system). Dennis bore recurrent periods in hospital, and the unpleasantness of chemotherapy and radiotherapy with their restricting side effects, with cheerfulness and absence of self-pity during the rest of his life. However, it was deemed necessary to shed some of his work load and in 1970 Dennis resigned as Head of the Department of Marine Biology in UCNW. The College administration agreed that he should remain as Professor and a member of the Department of Marine Biology with responsibility for the Unit of Marine Invertebrate Biology (UMDB) as its Honorary Director. This post was to be funded by NERC and the Leverhulme Trust, and a new head of department would be appointed. As the Head of Department who took up office in 1971 is one of the authors of this memoir (G.E.F.) it seems best at this point to switch to the first person:
The post was an attractive one, but the prospect of having the previous incumbent still on the premises did give pause for thought. Nevertheless, my previous encounters with Dennis Crisp had been amicable, he might be supposed to wish to take things quietly, and the College appeared to have defined our respective spheres of influence clearly. Co-existence to our mutual benefit was eventually established but there were several years of skirmishing. An immediate bone of contention was laboratory space, which in the 1970s was at a premium at Menai Bridge. What was UMIB territory and what belonged to the Department was not always clear. Then again, Dennis was absolved from undergraduate teaching duties but as a member of the Department still had a say in running it and a share in its grant. One of Dennis's major grievances at this time certainly had substance, when his role was considered. Thus when the Overseas Development Authority (ODA) was looking for help in setting up a marine science facility for the Saudi Arabian government, Dennis was instrumental in persuading UCNW to undertake this contract, with his Department as the main operator. A substantial laboratory was to be built in the Port of Jeddah and ultimately the researches would extend to the fisheries of the Persian Gulf. Things moved slowly and Dennis with his usual flair for cutting through red tape had a small laboratory constructed five miles to the north of Jeddah on a site much more favourable for research. A 21 m multi-purpose research vessel was constructed and commissioned in 1972. Useful work was done and six bulletins and several research papers had been published by 1975. However, Dennis's methods produced much friction, both locally and internationally, and the ODA signified their wish to transfer the contract elsewhere. Meanwhile, the College, in spite of Dennis's protests, insisted that I, as the new Head of the Department, should take on the administration of the project until it was transferred elsewhere.
Gradually I came to appreciate that although his tirades might be violent, Dennis did not bear grudges.
We reached a modus vivendi. On the positive side he brought distinction to the Department and he was an extremely stimulating person to have in a research establishment. It was a tremendous asset also to have the use of the facilities and to draw on the expertise of UMIB.
The cancer affecting Dennis Crisp did respond to treatment eventually and was usually kept suppressed so that he was in full stream of publication again by 1973. He also continued to travel widely, both to attend meetings and to work in other laboratories. Apart from the U.S.A., which he visited regularly, he went to India, Fiji, Kuwait, Eastern Europe and the U.S.S.R. When working abroad, Dennis was at his most comfortable in eastern U.S.A., and the Duke University Laboratories at Beaufort provided a sort of home from home for him and were the source of many publications. John Costlow, who directed the Beaufort Laboratory for most of the period in question writes about his friendship and collaboration with Dennis Crisp:
Dennis, perhaps more than any other individual, epitomized the post-1945 expansion of marine science in Europe, an expansion in which I was privileged to be a participant as a result of his interests. In 1958 he invited me to present the results of my research on barnacles at the XVth International Congress of Zoology in London. This was my first personal encounter with Dennis Crisp, whose publications on barnacles had already attracted much attention across the Atlantic. The London meeting laid the foundations for my continuing involvement with the European marine community. Even in 1958 Dennis was corresponding with colleagues in institutions around the world, contacts which were subsequently to develop into visits by him to such widespread places as my own laboratory at Beaufort, Israel, the Russian far-east and Brazil, to mention only a few. Invariably, in my own exploration of the then far-distant places, such as Leningrad, Lake Baikal, Varna, Kostanza and Kotor, I would find he had preceded me. Almost without exception, his visits would have been remembered, not only for science, but also for his vigorous opinions on virtually any topic one might discuss. Many of these scientists had not met Western visitors before and I was impressed by the good will he had generated and the way in which East-West contacts were strengthened in an era when official approval could be lacking. On receiving visitors to the Beaufort Laboratory it was not unusual for them to ask about Professor Crisp, and, knowing of our friendship, they would frequently recount some of the numerous stories about his visits to their institutes, stories which have become legend. Dennis Crisp was a stout defender of the concept of free exchange of thought and information and represented a real scientific ambassador to many who might otherwise have been cut-off from the dynamic changes taking place in marine science during his life time.
The lymphoma from which Dennis Crisp suffered recurred several times after 1969, as can be seen in the reduction in the number of his publications in certain years, yet he retained his inquisitiveness and zest for research and branched out into yet more new topics. The studies on settlement of barnacle larvae in relation to surface contour, texture and chemistry (28, 35, 41, 98, 101, 102, 106, 113, 127, Gabbott & Larman 1987) , indicated clearly that the cypris stage must possess highly adapted olfactory and tactile senses. Dennis's colleagues at Menai Bridge, including J.A. Nott and G. Walker, exploited the electron microscopy facility in the Unit to study the fine structure of the cypris larvae and particularly the antennules, locating sites of olfactory and tactile receptors (Walker, Yule & Nott 1987) . In 1969 Dennis successfully organized the fourth European Marine Biology Symposium (EMBS) at the University College of North Wales and contributed papers on light responses of barnacle and other larvae (139, 140, 142) . By this time the Marine Science Laboratories had taken delivery of their splendid new vessel, the Prince Madog, which was put on show for the meeting.
Dennis's attitude to sea-going work is best described as ambivalent. No one could accuse him of wanting to spend much of his time at sea, and his main demand on the boats at Menai Bridge was for live material to be brought in for laboratory work. After the experiences with the earlier boats, and rented fishing vessels, Dennis was keen to have a properly designed research vessel. There was a long gestation period before the successful Prince Madog was launched. The design began in the days of Nautilus which was not only unsuitable for work at sea, as distinct from collecting, but lacked the power and sea-keeping properties to obtain much-wanted experimental material such as the large barnacle Chirona hameri (= Balanus hameri) which occurs at 20 m depth on tide-swept reefs off Anglesey and the Isle of Man. The original specification for a new research vessel gradually evolved into an 85 foot long steel-hulled craft of the stem-trawler type, to serve oceanography as well as biology, and it was at this stage that the U.G.C. approved funding. With the formation of the Marine Science Laboratories and the division of researches and teaching into separate departments, the design changed again, influenced by ideas from the Department of Oceanography and then the marine geology group. In the end a comparatively large 29 m steel vessel was built at Ramsey in the Isle of Man. The costs were met by adding much of the U.G.C. allocated 'equipment' funding (see below) to the original grant. There was a long period of waiting for completion after the builders experienced cash-flow problems and required aid from the Manx Government, but the resulting vessel was an up-to-date multi-purpose craft able to operate outside the Irish Sea if required. The Prince Madog has three laboratories and accommodation for six scientists and at the time of writing is still giving good service to the School of Ocean Sciences. Even though he did not make use of the vessel much himself, Dennis saw it as a 'status symbol' and was proud of his success in obtaining it for the laboratories. He fought effectively to keep it under local control, and one of us (A.J.S.) remembers his reaction when the NERC Research Vessel Unit at Barry offered to 'look after it' for him. This offer was made during a period when the other U.K. marine laboratories were forced to surrender their vessels to remote centralized control that ultimately led to the loss of many of the smaller vessels and the closure of local environmental monitoring programmes. The new vessel at Menai Bridge came quite lavishly supplied with gear and equipment, some of which never went to sea with it. Ivor Rees, who, with P. Dewes from the marine geology section, designed most of the research details of the Prince Madog, says:
Dennis persuaded the U.G.C. to treat the project not as if the University were purchasing a large piece of equipment but as if it were constructing a laboratory. The advantage gained was that as a "building" the new vessel attracted the rather generous ancillary grant for equipment that went with new buildings in those days. One of my first tasks was to draw up the new ship's scientific equipment list. How some of the things in that list got past the referees I will never understand.
During the most active years at Menai Bridge Dennis Crisp collaborated widely with staff and students on a range of topics not closely related to his mainstream studies on barnacles and larvae. He worked on meiofauna with P.J.S Boaden and J.S. Gray (88, 118) , olfaction of starfish with J.C. Castilla (136, 147), ascidians with A.F.A. Ghobashy (140), algal cytogenetics with A.P. Austin and L.V. Evans (66). He looked into the question of production and energy flow in the sea, and in development stages, employing equations more easily than his purely biological colleagues (138, 149, 174, 204, 213, 221) . The investigation of the hatching substance was renewed with better facilities, in collaboration with biochemical colleagues, and was shown to be a trihydroxy unsaturated fatty acid (eicosanoid) which had all the properties originally described in the earlier work (188, Holland 1987 , Clare 1987 . Other important topics during the last 15 years of his researches dealt with shell growth and with the way in which sessile animals adhere or cling to the substratum. Much of this work was done and published by junior colleagues, but the bulk of the ideas came from Dennis, following his earlier work on growth of barnacles on glass panels (43) and their sliding movements (79) that indicated adhesion of the Stefan type (144). The studies in collaboration with G. Walker, G.A. Young and A. Yule (186, 200, 210) were enhanced by new equipment devised by Dennis Crisp and collaborators (173) for measuring the force involved. Both this piece of equipment and the microgram balance made from a surface tension gauge, used at Menai Bridge to weigh barnacle larvae, derive from Dennis Crisp's early experiences of surface physics. Measurements of adhesive forces made on a variety of marine animals (186) indicated weak forces, sufficient to allow mussels and barnacles to cling but to move slowly. These sessile animals tended to settle on surfaces to which their adhesives stuck best, pointing the way to development of non-toxic anti-fouling measures by coating with mixtures that form an outer layer of low surface energy , Christie & Dailey 1987 . Work on growth also continued and microscopic scale growth bands of tidal origin were shown in many marine molluscs and crustaceans. These studies began with the discovery of banding patterns in the shell plates of barnacles by Dennis and his then graduate student collaborator, E. Bourget, who elegantly used high-power light microscopy to observe individual animals during band formation (154, 155, 156, 212, Bourget 1987) . Dennis Crisp's research on microgrowth patterns continued with studies on molluscs, first on cockles with C.A. Richardson (175, 179) and later with several species of gastropods in collaboration with S.U.K. Ekaratne from Sri Lanka (190, 202, 209, 228) .
The output of published work by Dennis Crisp and his colleagues, and their students, was copious and steady and it was therefore a great shock when NERC announced in 1978 that the Unit for Marine Invertebrate Biology was to be closed on Dennis's retirement in 1983. Money for science was becoming short at that time and it was argued that the Unit was linked to Dennis personally. The legality of the situation had been blurred by the transfer of responsibility from the Development Commission to NERC but in a draft of the original agreement which Dennis had retained (a copy of which was actually at NERC HQ, though officially 'lost') it is specifically stated that support for the Unit was not linked to his appointment as Director and that the College should replace him if he left. Closure could not be justified on the past scientific record so that Dennis was incensed by what he saw as dishonesty and incompetence and lobbied intensively to get the decision reversed. In this he had the full support of all the biologists at Menai Bridge. However, both NERC and the UCNW administration were evidently determined that there should be a clean break and no opportunity for Dennis to continue to have a call on their resources through indirect channels. There may well have been an appreciation in the Research Council and the College of the difficulty of finding someone with the same brilliance and wide interests to take over the Unit; Dennis had indeed sounded out a few possible candidates himself but he was unhappy that they would not com m it themselves sufficiently to join the fight against the administrators. The laboratories of the Unit and those staff who had tenure were mostly apportioned between the Department of Marine Biology and the School of Animal Biology, with a few moving to other departments or seeking jobs elsewhere. There was nevertheless recognition of Dennis's achievement in building up a group that had acquired a worldwide reputation for innovative research on marine invertebrates in his appointment as C.B.E. in 1978.
RETIREMENT After holding a 'wake' on 30 September 1983 to mark the demise of the Unit, Dennis continued to work in the Marine Science Laboratories for some three years, still occupying the same office and laboratory, keeping an eye on research in progress and writing up papers. He had a book in mind but little progress seems to have been made with this, in part because his ideas flowed best with his Parker pen in hand and his brief encounters with electronic word processors, in the absence of secretarial help after retirement, were not encouraging. However, big changes were now in train at Menai Bridge. As a result of the U.G.C. decision to concentrate university oceanography in two centres, Bangor and Southampton, more resources were flowing in. Physical oceanography was expanded and new buildings were going up. G.E. Fogg vacated the chair of Marine Biology in 1985 and was succeeded by P. leB. Williams, a marine microbiologist. Space was again at a premium and Dennis, told that he would have to give up his rooms in the main biology building at Menai Bridge, and dissatisfied with an alternative room on one of the local islets, inaccessible at high tide except on foot over a precarious causeway, accepted an offer of an office in the School of Animal Biology on the main campus in Bangor where the Head of the School, Prof. E. Naylor, was a fellow marine zoologist. He found the atmosphere in Bangor more congenial but university 'rationalization' continued apace and in 1988 Professor Naylor's marine zoology group was moved to Menai Bridge. Dennis approved this unification, which he had long advocated, in principle but predicted that the compromise of leaving three marine biologists, one being himself, in the School of Animal Biology would lead to trouble eventually.
In his last years of research Dennis continued to collaborate with colleagues and students who still worked at Menai Bridge and he continued to publish papers. Thus in 1985 there were papers on a wide range of topics, including barnacle larvae (211) copepods (215,216), feeding of oyster larvae (213) and a full description of the biochemical compound effecting hatching of barnacle larvae (214). In subsequent years there were contributions on physiological aspects of biogeography (217), tidal fronts and distribution of animals (226), aspects of natural oil 'pollution' (218), shell growth bands (225,228), genetics of cladocera and bivalves (220, 224, 230) , community diversity (227); and further investigations of barnacle biology, notably genetics (229), larval behaviour (221), gregarious settlement (232) and adult cirral activity (233). The paper on microgrowth bands in shells (225), read in 1986 but not published until 1989, illustrates Dennis Crisp's polymath powers. This review contains a lucid exposition of his own work in collaboration with E. Bourget, C.A. Richardson, and S.U.K. Ekaratne and provides a devastating but fair critique of other work on the subject, some wanting in application of scientific method. There follows mathematical consideration of crystal formation and of the palaeontological use of indices of the Earth's rotation and Moon's orbit, illustrated by appropriate sophisticated equations but permeated with sound ecological concepts; a fitting example of his scientific talents.
Dennis also continued to travel, visiting Goa and Singapore in 1983; India again, the Vosges, Rhine Valley and Black Forest, the U.S.A. twice, Japan and Malaysia in 1984; Beaufort, North Carolina in 1985; Goa and Waltair in India, Maine, Canada and Woods Hole in 1986; Finland, Leningrad, Northern Ireland and Spain in 1987; and East Africa in 1988 . Some of these visits were cut short by illness, but nothing would deter Dennis from trying again.
There were many tributes to Dennis after his retirement. Perhaps the most telling was a gathering of his past and present students and colleagues at a dinner held on Anglesey in September 1984, following the European Marine Biology Symposium in Plymouth. A series of reviews entitled 'Barnacle biology', dedicated to Dennis Crisp, was published as volume 5 of Crustacean Issues in 1987, under the editorship of one of us (A.J.S.). This work contains contributions by leading barnacle experts, most of whom had close links with Dennis, either as graduate students or as professional colleagues, and among the topics included were many in which Dennis himself had set the pace of research. The year this volume appeared was a troubled one for the aquatic sciences in the U.K., with yet another re-organization and a take-over by NERC of the internationally renowned independent 'Associations' at Plymouth, Oban and Windermere. From his earlier experience of closure of UMIB Dennis offered advice and scathing comment, being particularly concerned at the scant regard given to productive scientists caught out by the difference in retirement age between the civil service and the universities. He became more than ever convinced that there was something seriously wrong with the administration of science, especially marine science, in Britain.
In addition to his C.B.E., Dennis received many other honours. He was elected an Honorary Fellow of the Indian Academy of Science in 1984, an Honorary Professor in the University of Manchester in 1985, and an Honorary Member of the American Society of Zoologists and of the Society for Experimental Biology in 1987. The year 1989 began for Dennis with one of his periodic stays in hospital but he responded well to chemotherapeutic treatment. However, he was ill again in July and thereafter in and out of hospital. His last scientific engagement was to have been the 'viva' of his final Ph.D. student, Eeva Furman, in late November, but he fell ill again after meeting friends and colleagues the day before, and never recovered completely. He died peacefully on 18 January 1990.
ACHIEVEMENTS AND PERSONALITY
Dennis Crisp's great contribution was to make a physico-chemical approach to the understanding of marine invertebrates as they grow, develop and reproduce in their natural environment. He was not the first to attempt this but his thorough grasp of physical principles and his intimate knowledge of the natural history of the marine littoral enabled him to select crucial laboratory studies to more effect than anyone else, without losing sight of the whole organism. Much of his researches were with barnacles and his great hero was Charles Darwin, whose monographs on the Cirripedia have already been mentioned (Darwin 1851 (Darwin , 1854 . Knight Jones (1987) considers the contribution to knowledge of barnacles by Dennis Crisp and Charles Darwin to be of a similar order, bearing in mind the difference in circumstances. Beyond this, Dennis's enthusiasm and determination enabled him to have a worldwide influence on marine biology.
In his later years Dennis Crisp regarded the teaching of large undergraduate classes in marine biology as a diversion of effort. But while he was still Director of the Marine Biology Station he instituted a one-year teaching course for M.Sc. as this was the only way he could squeeze extra money from UCNW for laboratory equipment. When the laboratory was expanded in 1965 he was also instrumental in starting a final year course in Marine Biology, in part with the same financial aim. However, by 1978 he was dismayed at the undergraduate 'sausage factory' that was developing and went so far as to say that the current demand by prospective students for marine science, particularly marine biology, was unhealthy and that the market would not stand the graduate output as each university joined the bandwagon. He discounted the argument that marine biology could be as good a general education as some other subjects and was worried that it might come to be regarded as a soft option; he preferred a proper training in the basic sciences. Dennis by now was arguing forcibly against the admission of large numbers of students to unsuitable courses so as to swell the income of a university: in the short term, it was true that only the students might be disadvantaged, but in the long term he thought the university would suffer. The strength of his Department, he considered, lay in the numbers and quality of its graduate students. Time has justified this and those who worked with him in the earlier years occupy key positions in marine science all over the world: S.Z. Quasim has been Director of the National Institute of Oceanography at Goa and Secretary to the Department of Ocean Development, Government of India; John Ryland is Head of the Department of Zoology, University College of Swansea; John Gray holds the Chair of Marine Biology in the University of Oslo; Brian Bayne is Director of the Plymouth Marine Laboratory; John Davenport is Director of the Millport Marine Laboratory, Isle of Cumbrae; P.J.S. Boaden is Director of the Marine Biology Station, Portaferry, Northern Ireland; Sharma Latif was Director of Fisheries at Penang, Malaysia; Juan-Carlos Castilla is in charge of the marine laboratory of the Universidad Catolica de Chile and one could instance many others.
Dennis Crisp seems to have adopted a controlled pugnacity as a quick way of achieving his ends. His favourite bed-time reading, he claimed, was Machiavelli. With those whom he respected as scientists his outbursts were short-lived and left no animosity. His kindness to his students and staff and interest in their welfare was long-lasting, provided that they worked well. Those who took refuge in regulations and evasion, whether they were university administrators, officers of research councils, income tax inspectors or air-line officials, earned his lasting contempt. His brief foray into editing a journal showed that this was not a suitable outlet for his talents, but this did not deter his strong criticisms of other latter-day editors.
Dennis was very much a family man. He married Ella Stewart Allpress, a geographer of Girton College, at Cambridge in 1944. There is no doubt that Ella's devotion freed Dennis from many domestic worries and after he became ill her support enabled him to continue for so long the scientific work that he enjoyed. Dennis showed his gentle nature most within his own family, and the aggression would only flare up when discussing the sins of administrators with visiting colleagues. Outside science his interests lay in travel, which Ella fully shared; photography, at which he was very good at portraiture. He enjoyed ball games, whether in the backyard or the playing field. Above all, he enjoyed the company of his children, Mary, who after following in his footsteps as a marine biologist became a medical practitioner, his son, Graeme, a physicist with marine leanings, and in later years his grandchildren.
The School of Ocean Sciences of UCNW has instituted a D.J. Crisp Endowment Fund to assist young marine biologists.
